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(54) CnOCOB M3rOTOBnEHl/t^^ rOOPWPO' 
BAHHOrO CTA/lbHOrO P/IACTblP^I 
{57) CyiUMOCTb M3o6peTCKMJi: TepMoo6pa6oTKy 
nnacTupfi TOKaMvi bwcokcm^ mactot*,! ocymeci- 
enHWT nocne ro4>pMpoBaHw«. a cm&so^hu^ 
c/ioft HaHOCflT noBTopHO noc/ie ox/i9>iy\eHt4«. 
npeA^araewbi^i cnocoB noaaonneT aa c^er no- 
BbtuioHMii nnacTMMMbix CBoACTB Meran/ia na- 
AexHO o6ecneMfciTH repMerwaauwH) 
peMOHTupyeMOro yMacTKa CKBaiitWMW. 1 laSn. 



IddOfiperenvte othocmtcr k o6pa6oTKe ne- 
raiina AaaneHv<eM, b MacTHOCTrt k TexHO/iorwM 
MsrcrroaneMHH fo<^pwpOBaMHWx rpyC. 

OcHOBMWMw on«paun«MM b TexHonorMse- 
CKOM npouecce HarOToaneMWH TOHKOcreHf^x 
ro<l>pMpoBaMHMX Tpy6 BB/inetcn xonoAMan Ae- 
<t>opMam^fl. HanpwtMcp aonoMCHwe m npOKSTKa 
Tpy6, xiiMw*<ccKa« o5pa6oTKa» repMimecKaR 
o6pa50TKa a^m chatw« ocraTOMHwx Hanpj^xe- 
Hii(«, B03MMicaiomvix B peaynbYaYB Ae<t>opMa- 

UMM M npC^4ivinMpOBdHMII MCTOAOM HBlcaTlCVf. 

W3BCCT9H CnClC06 VI3rOTOa/l«MM5l Tpy6 c 

npoAonbHb^Mi^ ro<t)paMH nyreM AayxaTannoro 
<J>opMOBaHWJi Tpy6fc4-3aroTOBKM. npuMCM hb 
nepBOM STWB ee ro4>pMpyiOT paAwanbHUMw 
ycwnwiwM. a hb btopom sTane o6xc*iMaioT b 
npo4»vt/iMpoBdHHoA BO/ioice. 

Oahbico B03HvucaioiMne e peaynbtare 
Ciio^itHOA Ae<?opManMw ocTaTQHHt>*e nanpHMB- 
NHff Mc A8«>t AOCtaTOMHOft noncpeMMOft npoM- 

HOCTW, M^iailA CTaHOBMTCR XpyniCMM M 



HenpMfOAeH b vcaMBcrae .iabctwpw npwi peMOH- 

T« OeCdAHOA KO/IOHHW 8 CKSaMlAHe. 

jliMi cHATiw ocxatOHHbix Manp»:KeMM»;i ipy- 
6unoAacpraK>TTepMWMecKO«i o6pa5oTKe - or- 
)Kwry e nenax Twna nCO-06 r:.0-09 w 
nonyMeHMJi na tpy6ax oicwchoCi nneHKH. b«- 
nonMsii0U4ev! <t>yHKUWM noAMSaoMHoro noKpu- 
TMB « o6noAaiou4e(^ AOCTaro-^HOM 
nopiiCTOCTbio w aACOp64MOHHO(^ cnoco6rio- 
ctbw K CMaaxe, 

MaaecTeH Taiwe cndco5, npw kotopom 
TOHxocTCHHbtB npo4>M/ibHbie Tpy&w npaajiT 
pacTW)KeH«eM m pa3A3**eK c MarpeeoM «a ancK- 
TpoxepMWMecxoM o6opyA0eaHMn. CHana/ia 3a- 
rOTOBKy Tpv6w HarpeaaiOT TOKaMvi 
conpOTHBnBMMPi AO reMoepaTypb* 0T>Knra- a 
sareM nocro oxnaxAeHUJi pasAator npn homo- 
mw roHWMecKO** on pas km. 

HeAOCTBTOtc cnoco6a aaK/isoMaercn a iom. 

MTO npV« H3n05KeHWM flABCTbipft H3 KBOTOXCHCert" 

Hwx Tpyd Mo:«eT iipoMCxoAMTH paapwfl no 
nQ0^\AflhHO^ □op33yK)mevl. s npw Ha/io>KeMMi4 
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n/»acTwp5i V13 oTo;»c)KeMHbix Tpy6 c nocne/iyK?- 
mwM rcMl>pM:poBaHweM momct npOMCxo/iMTb o5- 
paaoeaMHe.MUicpoTpemviH bo enaA^H^x m Ha 
ewcrynax opoAO/ibHwx ro4>p npn AG<^opMa^v^n 
MxAOUMAMHAPHsecKOJ^ (t>opMw. KorAaeennoT" 
HO npw3«cviMaiOT (HaxaTbiaaiOT) Aopnupyioiuef^ 
ronOBKOvi r BMyTpeHHci^ noaepxHOCTvi o6caA- 
MoA KO/ioHHW. B peay/it-Tare ne o6ecneMM8a- 
cTCJi HaflCiKHOCTb repMeTMjauMM wa-aa 
HVI3K0A n>li9CTM^HOCTVl MCTanna ro<t)pwpoeaH- 
Horo n/iacT«pJi. 

Ue/tbiQ 03o6paTeHiifl siB/ifteTCW nofibime- 
Hwe HaAejKHOCTM repMeiHaauMn o6caxceHMO^» 
CKB3)KMHU nyreM nOBbitueHM« n/iacTn^Mociw 
Meran/ia n;iacTbipsi, 

CyuiHOCTb MaodpereHMP aaK/iiOMaeTCfl a 

TOM, STO TepMO06pa6OTKy TOKaMVt BblCOKOVlMa- 

CTOTw ocyweCTB/iwKJT nocne ro4>piipooaHHJi, a 
-aareM noBTopHO HaHOCwT cwasoMHu*^ cno^. 

B peaynbTaxe aHaKonepeMenHbix Ae<})Op- 
MauMftt KOTopwM noABepraeicfl Meranna ipyS 
npw rcK})pt-,p06aHHii kax B npouecce waroroB- 
/leMMfl nnacYbJpeC^i. TdK m npn pasAa^e e npo- 
uecce ycTaMOBXvi B cKBaxuHax. npOMcxoAWT 
anasMTe/ibHoe ynpOHHenwe MeTa/ina, npuMcw 
HaM6onbtiiMe 3HaMeHM« ynpOMHenvtvi npM)COA" 
RTCi^ M3 enaAi^Hbt ro<t)pMpo6aHHwx Tpy6. 

HaMeHCMwe raepAocTw (Hv) cra/iw MdpKM 
10 npM TepM005pa5oTKe, ro<t>pMpoBaHMw w 
paaAa"^^ rii>aCTwp« noKaaano b TaSnviqe. 

l/l3Ta6/iviubi awAHO. sTOToepAOCib Meran- 
iia n/«acYbipii nocne pasAaw o oBcaAHO^* Tpy- 
68 AOCTuraer HawBonbUiMx SHaMenuft. ec/iw 
nnacTbipb waroTaenvteancsi v\3 HeTepMOo6pa- 
eotaHHOt'i Tpy6w, flpw waroTOBneHiivi nnacTw 
pe<^ U3 npeAeapviTe/ibHO TepMOo6pa6oTaMHbix 
Kpyr/ibix TpyC npw ro^pupoBanvtM raepAOCTb 

MeCKOf<bKOCHV1?KaeTCfl POCpaBMeHWlOC MBTCp- 

MOo6pa6oTaHHbiMi/< saroTOBxaMU. ho noc/»e 
pa3A3*<M TsepAocTb BoapacTaer homtm ao toi?» 
xe Be/iwMMHbi; Hto M Sea T€pMOo6pa6oTKM. no- 
cne TepMViHecKOft c6pa60Ticw ro<J)pvipoBaHHbix 
Tpy6 c MarpeBOM xoxaMw bucokom Mdcxoiw 

XB8PA0CTI. MX CHM)KaeTC» 3HaHWTCAbH0, 3 00- 

cne pasAttHM ona MCHbiue. m«>m y HexepMOoB- 
pa6otaHHwx. 

B oxnwuvie ox neMHoro wnw raioooro na- 
rpesa npn o5pa5oTKe saroxoBXH xoxaMw bwco- 
KO^ sacToxw npovicxoAwx He3Ma4wxe/ibHoe 
yi3MeHeHv<e <t>opMw ee npo<}>w/irt, na nOBepXHo- 
CTiiTpy6u o5pa3yeTCH tohkw^» cno« oKgnviMbi* 
KOTOpbiPt ne oTcnaMBaexc« b npouecce Ae<t)op~ 
M8UVW - oasAaw. CMaaoMHbiw cnoi^ haHOCwx- 
CP Hd BHyrpcMHiOK) nOBepxMOCTb 
oxo>K)KeHHbiK npoAonbHO'ro<j>pw<poBaHHbix 
Tpy6 nocne uxoxnaxAeHwn. On npeAOxpaH«ex 
BHyxpeHHioio noBepxMocxb ot KOppoanoHHoro 
paapyuieHMJ* a nponecce axcnnyaxauviw m chm- 
jxeHMR occobtx ycM/iw»w b npouecce pasAaMW 
nnacxMpei^. 



n p M M e p peMOHxa oScaAHOvi ko- 

i)OH»«l>t A^^MSTPOM 1 46 MM C TOniUHHOM CteHUM 

8 MM nnacxbipb naroraBAiieaJOT na tohkoctch- 
MOM Tpy6bi AviaweTpOM 130 mm c toaiumhoA 
5 CTBHKH 3 MM CTanv4 wapKH 10. flAMHa xpySbi 
9-11,5 M. 

Ha BHyrpeHHioK) nOBepxHOCTb Tpy6w na- 
HOCRX c/iOM rpa<t>nTOBOM Hnw APyrow CMasKw. 
npeAHa3HaMCHH0i?i aha CHMxteHWw ^Mnvii^ rcup- 
10 pMp0B3HMp. ro({3ptip08aHi^e u^«nviHApM*<ecKO^i 
tpyObt npon3BOA»x Ha cneu^aAbHoft ycxanoa- 
KC Mdpea po/iMKOeyio roAOoKy c BHyTpeHneM 
npo4>viAbHoP% onpasKow. HonyMaexcR npoAonb- 
HO-ro<J)pvipOBaHHa» xpy6a c Hapyx<HwM At^a- 
15 MeipOM ll6MMMMMcnoMro4)p6i^/)vi8. SaieM 
npoM3BOAMTC« pnxTOBKa ro<t)pnpoBaHHOM Tpy 
Gw nocAe oxpeaKH ee na saAaKMyio AAMny. 

3axeM npow3BOAi^xCH xepMtiMecicaR o6pa- 
6oxi«:a npOAOAbHO-ro4>pMpoeaHKoft rpy6bi - 
20 HopMaAvioauwa c HarpesoM xoKaMw ewcOKoC^ 
MacToxbi Ha ycxanOBKe BMr 30/6. npvi 3T0m 
npoAOAbHO-ro(t)pMpOBaHMafl rpyOa ycxaHae- 
AMBaeicw ropvi30HTanbHO Ha poAWKoabix ono- 
pax \A c onpeAG'^^Mwo*^ cxopocxbio 
25 npoAB»^''aexcfl sepea vJHAyxxop. 

OxAa)KAeHMe Tpy6bi npowaBOAWxcJi na 
B03AYxe. Cwaaxa. Koropan 6biAa Hanecena ne- 
peA ro<t>pMpOBaHneM. ewropaex. 

Tax xax 6 cKoa>KMMe npw ycxaHOBxe OAa- 
30 cxwpfl B vtHxepaane peMOHia npowsBOAwxcfl 
paaAa^a nnacxwpfl AO Kpyrnoii 4)opMbi m npw- 
)Katvifl K cxeHKeo6caAHOi4 xpy5w, xo npw stom 
eo3HwixdiOX 6onbUJne KOHxaxxHbie narpyaxn 
Me>KAy oABCXbipeM w wHCxpyMCNxoM AA« pa3- 
35 AaMH. /Jab CHvixeHW^ 3xwx narpyaox na anyx- 
peHHtoK) nOBepxHOCXb nnacxwpfl mbhocmxcji 
BTOpvmHo CMaaoMHWM caoPi, xoxopwiJi CAyjKwx 

KBK AAA ChW^KeHWfl yCHAMCl, B03HMKaK)lMWX npW 

pazfxd^o HAacxbipa, xax m aaa npeAOxpaneHwJ* 
40 3xoC\ nosepxHOCxw ox xopposwOKHoro paapy- 
iifeHMj» 8 npouecce axcnAyaxauv^w. 

Co'^exaHHB xepMMMecxoii o5pa6oxKW rab- 
cxbipe(ii noCAe ro4>P»^poBaHMft u M3H*jceHwe 
CMaaoMHoro cnosi Ha BnyxpeHHiOio noeepx- 
45 Hocxb nocAe xepMMMecxofl o6pa5oxKM noaso- 
Afliox noBwcMXb n/iacTKisHocxb Mexa/iAa 
DAacxwp o5ecneMwXb GAaroAspfl axoMy na- 
AexcHocTb repMexMaauww pewowTvipyeMOJ?! 

* CKBa^KMHbl. 

SO 

ct> opMyna MsoopeieKirtB 



Cnoco6 M3foxoBAeHM$* fo<^pwpOBaHHoro 
craAbHOfO HABCXbiprt, npeMMymecTBeHHO aajj 
55 peMOHxa o6ca>KeHHoi?i CK8a>c»^HW. bkaio^3K)- 
mniTi TepMOo6paGoxKy aaroxoaxM. naHecenuie 
CMaaOMHoro a)Q^ na BHyrpeHHKjio nosepxMocrb 
aaroxoBxwi m ee ro(l)pi^.pofiaHi4e. o t n w h a lo m m 
c n xcM. *fXo. c ueAbio noebiiuCMM» HaAe>xM0cxu 
repMetH3auMM o6ai>KeHHOfi ckb.ixuhw nyreM no- 
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Bt3iujeHt4$i nnacTMHHocTM Mera/ina n/idCTMpA. 
TepMoo6pA6oTKy TOxaMM ducokoA Nacroru 



ocyu4eCTB/«M*OT noc/ie ro4>pMpOBd hup. a aaTOM 
noeropHO HaMocnr cMsaosNUi^ c/io^. 



HcxOAHoe COCTOR' 
MMe MaTcpMa/ia 



Ao ro<^pMpoeaHiifl 



Bmi o6ds6otich 



riocne ro4>p«po- 

BBHHn 



TdpMOoepa6orKG 
nocne ro^piipoad: 

MMH (HOpMdnM3d- 

UMfl) c HarpeeoM 

TOKSMM BUCO- 
KOVl HaCTOTWJ 



noc/16 padAaM»^ 



Eea repMOoGpa- 
60T1CM 

C repMoofipdCoT- 

Bed Tep^«oo6pa- 
60TKM 



1570 



1350 



1570 



1750 



1660 



1750 



1350 
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1966 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (aimealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the fiinction 
of a first coat of lubricant and having suflBcient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made fi-om unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from amiealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a resuh, the reliability of the lealctight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to fiimace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off* during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinaUy corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin*walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel Tube length is 9-1 1 .5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-fi-equency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction fiimace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact thai, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increaang the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns S and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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